Achieving and maintaining a penile erection are two essential components of the male sexual response. It has recently been suggested that distinct molecular mechanism could underlie the two disturbances. The aim of the present study is to verify possible clinical differences on pathogenetic factors underlying difficulties of achieving and maintaining an erection. We studied a consecutive series of 560 patients (aged 51.9712.8 y old) reporting erectile dysfunction (ED), using SIEDY r structured interview. Patients were classified into two distinct categories: those with difficulties in maintaining, rather than achieving, an erection (sample A) and those with main problems in achieving an erection (sample B). A complete physical examination and a series of metabolic, biochemical, hormonal, psychometric, penile vascular tests and nocturnal penile tumescence and rigidity evaluations (NPT) were also performed. Sample B patients showed a higher prevalence of organic conditions related to ED, when compared with sample A as confirmed by higher SIEDY In conclusion, this study shows for the first time that patients with difficulties in maintaining erection are less likely to be affected by organic disturbances interfering with sexual function, when compared with those unable to achieve a valid erection.
Introduction
In 1993 the NIH Consensus Conference defined erectile dysfunction (ED) as 'the persistent inability to achieve and/or maintain an erection adequate for satisfactory sexual activity'. 1 Although achieving and maintaining a penile erection are two essential components of the male sexual response, it has recently been suggested that distinct molecular mechanism could underlie the two disturbances (see in Bivalacqua 2 and Burnett 3 for reviews).
Essentially, penile erection involves the relaxation of arterial and trabecular smooth muscle in the corpus cavernosum, which is due to the formation and release of the labile gas nitric oxide (NO). 4 NO is produced as the enzymatic by-product of molecular oxygen (O2) and L-arginine under the control of nitric oxide synthase (NOS). So far, three distinct isoforms of NOS have been identified and termed neuronal (nNOS), endothelial (eNOS) and inducible (iNOS). All three isoforms are present in corpora cavernosa, although with a different cellular localization. Nonadrenergic, noncholinergic (NANC) neurons express nNOS, while endothelial and smooth muscle cells express the other two isoforms. After release from nerve endings, NO diffuses to neighboring vascular and trabecular smooth muscle cells and, binding to guanylate cyclase, activates a series of events leading to smooth muscle relaxation. The latter phenomenon permits engorgement of cavernosal sinusoids with blood and the development of tumescence that, shortly after, will become erection, when the rising intracavernous pressure compresses the subalbugineal venules. Hence, the activity of NANC nerve endings and nNOS is considered essential in achieving a penile erection. 2, 3 Neurogenic release of acethylcholine (Ach) and other transmitters further enhance this process by activating eNOS in penile vascular and sinusoidal endothelial cells. However, the local, intermittent nervous/endothelial discharge of NO in response to erotic stimuli is not considered sufficient to maintain an adequate NO formation for a sustained and prolonged erection; in other words it is inadequate for maintainance of erection. For this purpose, prolonged activation of eNOS induced through protein kinase B (Akt) phosphorylation is required. Akt is a serine/threonine protein kinase strictly regulated by phosphatidylinositol-3-kinase (PI3-kinase), which, in turn, is activated by the increased blood flow-induced shear stress on the endothelial lining. 2, 3 The message from the aforementioned experimental studies is that the molecular background for achieving and maintaining erection is not necessarily the same. In clinical practice, there are many patients complaining difficulties in achieving erections with or without difficulty in maintaining it.
Since no systematic study was performed on pathogenetic factors underlying difficulties of achieving and maintaining an erection, the aim of the present study is to verify possible differences.
The reported results are relevant because difficulty to 'obtain' or 'maintain' erection is the main symptom referred by the patient to the clinician and therefore the main symptom to investigate on. We employed SIEDY r , a previously validated pathogenic instrument, 5 along with several recognized psychometric (MHQ; 6) and instrumental tests, able to detect the different impact of 'organic', 'relational' and 'intrapsychic' factors on ED symptoms, such as difficulties to obtain and maintain erection.
Patients and methods
A consecutive series of 560 patients attending for the first time the Outpatient Clinic for ED was studied. Patients with mental retardation, or coming from foreign countries, were excluded. Characteristics of the sample are summarized in Table 1 .
Patients were interviewed prior to the beginning of any treatment, and before any specific diagnostic procedures, using the SIEDY r Structured Interview. 5 This brief, multidimensional instrument designed for the pathogenetic assessment of ED, provides scores for organic, marital, and psychopathological factors affecting sexual function, which can be simultaneously present in the same patient. Hypoactive sexual desire (HSD) was assessed with item #14 and the reported reduction of nocturnal/ morning erections with item # 13 of SIEDY r Structured Interview. 5 Rapid ejaculation (RE) was defined as ejaculation within 1 min of vaginal intromission as previously described using a stop-watch method. 7 Patients were asked to specify any current pharmacological treatment; drugs listed in Boderick and Foremann, 8 were considered capable of interfering with sexual function. Considering NIH definition of impotence 1 and using SIEDY r appendix A, 5 we identified two groups of patients: sample A, (difficulties in maintaining, rather than achieving, an erection) and sample B (with main problems in achieving an erection) ( Table 1 ). Sample A is composed of patients who reported erection not valid enough for penetration in less than 25% of cases and difficulties in maintaining erection in over 25% of the occasions. Sample B consists of patients who reported erection valid enough to penetrate in less than of 25% of occasions.
Patients were asked to complete the Middlesex Hospital Questionnaire, modified (MHQ), 6 a brief Difficulties in achieving vs maintaining erection G Corona et al self-reported questionnaire for the screening of mental disorders, which provides scores for freefloating anxiety (MHQ-A), phobic anxiety (MHQ-F), obsessive-compulsive traits and symptoms (MHQ-O), hysterical traits and symptoms (MHQ-H), somatization (MHQ-S) and depressive symptoms (MHQ-D). All patients underwent a complete physical examination, with measurement of blood pressure (mean of three measurements 5 min apart, in sitting position, with a standard sphygmomanometer), height, weight, and testis volume (Prader orchidometer). Blood samples were drawn in the morning, after overnight fast, for determination of blood glucose (by glucose oxidase method, Aeroset Abbott, Rome, Italy), total and HDL cholesterol, and triglyceride (by automated enzymatic colorimetric method; Aeroset Abbott, Rome, Italy), glycated hemoglobin (only in diabetic patients; HbAlc; high-pressure liquid chromatography method, with upper limit of the normal range of 5.9%; Menarini Diagnostics, Firenze, Italy), total testosterone, prolactin, FSH, LH, TSH, and PSA (by elettrochemiluminescent method, Modular Roche, Milan, Italy). Patients were categorized as affected by diabetes mellitus in the case of an established diagnosis, or when they showed a fasting glucose 47 mmol/l in more than one occasion, if not previously diagnosed. Individuals with diabetes were classified as affected by type 1, type 2, or other forms of diabetes, following current differential criteria. 9 In diabetic patients retinopathy was diagnosed through fundus oculi examination as previously described; 10 neuropathy was defined as increase of vibratory perception threshold measured at lower extremity with biothensiometer as previously described; 11 microalbuminuria was measured on an overnight sample and defined as albumin excretion rate higher than 20 ng/min. All patients underwent a penile provocative test (FIC) with intracavernosal PGE 1 (10 mg); response was assessed after 20 min; responses were recorded on a four-point scale: 1 ¼ no response; 2 ¼ rigidity, insufficient for intercourse (o50%); 3 ¼ rigidity, sufficient for intercourse (450%); 4 ¼ full erection (490%) as previously described. 12 In addition, because a normal PGE 1 responsiveness might be also present in patients with arteriogenic ED, 13, 14 penile duplex ultrasound examination (PDU) was performed before and after PGE 1 intracavernous injection (10 mg). The following parameters were considered: basal peak systolic velocity and acceleration, peak systolic velocity (VPS max ) and end diastolic velocity after PGE 1 intracavernous injection, resistance index. 15, 16 A VPS max lower than 30 cm/s was considered pathological as previously described. 15, 16 For comparison a consecutive series of 40 patients referring to out andrologic clinic for sexual dysfunction was studied; these patients aged 47.0714.1 y, with a BMI of 25.573.3 kg/m 2 , were complained RE (48.2%), HSD (34.9%), or other (16.9%).
Nocturnal penile tumescence and rigidity were evaluated with a commercially available home monitor (Rigiscan s , Dacomed Corp., Minneapolis, Minnesota). The results of Rigiscan s test (NPT) were considered normal in case of at least one episode of penile tip rigidity greater than 60% and more than 10 min in duration during two consecutive nights of recording, as previously described. 17 Data were expressed as mean7s.d. when normally distributed, and as median [quartiles] for parameters with non-normal distribution, unless otherwise specified. Differences among more than two groups were assessed with one-way ANOVA or Kruskal-Wallis test, whenever appropriate. Unpaired two-sided Student's t-tests were used for comparison of means of normally distributed parameters; when distribution could be normalized through logarithmic transformation, as in the case of prolactin and TSH, the same test was applied to logarithmically transformed data. In all other cases, Mann-Whitney U test was used for comparisons between groups. Correlations were assessed using Spearman's or Pearson's method whenever appropriate. Stepwise multiple linear regression was applied for multivariate analysis, categorizing yes/ no parameters as dummy 0/1 variables, whenever appropriate. w 2 test was used for comparison of categorical parameters. All statistical analysis was performed on SPSS for Windows 11.0.
Results

Anamnestic parameters
Among the 560 patients enrolled, 205 showed mainly difficulties in maintaining erection (sample A) and 355 reported problems in achieving erections (sample B). Table 1 shows the sociodemographic characteristics of the two samples. Patients of sample B were older and had a lower education level when compared to sample A. The difference in the proportion of graduated patients (high school or university) remain significant after adjustment for age (data not shown).
A greater proportion of patients of sample B reported current or previous cardiovascular disease (coronary artery disease, stroke, arteriopathy of lower limbs, or any other known arterial disease) when compared to the rest of the sample (Figure 1 ). Patients complaining difficulties in achieving an erection showed a higher prevalence of diabetes mellitus, hypertension, and significantly more frequent use of drugs potentially interfering with erectile function (Figure 1 ). These differences were confirmed after adjustment for age (data not shown).
Among 95 diabetic patients, the prevalence of retinopathy was higher in sample B when compared to sample A (51.1 vs 21.4%; Po0.05). The difference Difficulties in achieving vs maintaining erection G Corona et al was confirmed after adjustment for age (data not shown). No difference was observed between samples A and B for prevalence of other diabetic chronic complications such as neuropathy and nephropathy (data not shown).
Sexual parameters
Patients with difficulties in maintaining an erection showed more often a sudden onset of the disorder when compared to patients reporting problems in achieving erections (34.9 vs 26.3%; Po0.005). We found a significant (r ¼ À0.154; Po0.0001) inverse correlation between sexual attempts frequency and type of ED. In particular the prevalence of patients reporting more than eight sexual attempts for month was lower in sample B than in sample A (9.5 vs 20.6%; Po0.0001). A reported reduction of nocturnal/morning erections was present in 72.2% of patients reporting problems in achieving erections and in 45.9% of patients reporting difficulties in maintaining erections (Po0.0001). All these differences between the two groups were confirmed at multivariate analysis after adjustment for age (data not shown).
No difference was observed in the prevalence of concomitant RE among patients with different type ED problem (24.4 vs 26.6% for samples B and A, respectively; P ¼ NS). Similar results were observed for HSD (data not shown).
Clinical and biochemical parameters
Patients of sample B showed higher levels of glycemia and BMI when compared to those of sample A (Table 2) . These difference were confirmed after adjustment for age (data not shown). Among diabetic patients, those reporting problems in achieving erections showed higher HbAlc levels when compared to the rest of the sample (7.971.9 vs 6.771.3%; Po0.005). The difference was confirmed after adjustment for age (B ¼ 1.1470.4; Po0.005).
No difference among groups was observed for other hormones or clinical or biochemical parameters (Table 2) .
Instrumental parameters
A higher prevalence of pathological FIC test was observed in sample B when compared to sample A (30.8 vs 14.2%; Po0.0001). At PDU, VPSmax was 48.8720.2 cm/s in sample B, 56.9723.2 cm/s in sample A patients, and 58.4723.3 cm/s in control subject without ED (Po0.001 for samples B vs A). Patients reporting difficulties in maintaining erections showed a lower prevalence of pathological VPSmax at PDU (8.2 vs 16.4%; Po0.01). All these differences were confirmed after adjustment for age (data not shown). No difference after adjustment for age was observed between samples A and B patients in basal systolic velocity, acceleration, end diastolic velocity and resistence index (data not shown).
FIC test showed a strong significant (Po0.0001) direct correlation with VPSmax even after adjustment for age (adj r ¼ 0.434; Po0.0001).
Abnormalities in NPT were detected in 36.0% of sample B patients and in 24.2% of sample A (Po0.01). The difference was confirmed after adjustment for age (data not shown).
Psychological parameters
MHQ-F scores, which explore phobic anxiety symptoms, showed a significant higher scores in sample B Difficulties in achieving vs maintaining erection G Corona et al when compared to the rest of the sample (Figure 2) . No significant differences between groups was obtained in MHQ-A, MHQ-O, MHQ-D, MHQ-S, and MHQ-H scores (data not shown). A significant correlation was found between MHQ-A scores and end-diastolic velocity (r ¼ 0.11; Po0.05). This correlation remained significant at multivariate analysis after adjustment for age (adj r ¼ 0.11; Po0.05).
Siedy r parameters SIEDY r scale 1 scores were higher in sample B when compared to sample A (3 [1] [2] [3] [4] [5] vs 1[0. [1] [2] [3] for sample B vs sample A, respectively; Po0.0001). The difference was confirmed after adjustment for age (data not shown). SIEDY r scale 2 scores were higher in sample B when compared to sample A but the difference was not significant after adjustment for age (data not shown). No difference was observed between samples A and B for SIEDY r scale 3 scores (data not shown).
Discussion
This is the first study systematically analyzing possible differences in the pathogenetic factors of patient reporting difficulties in achieving and/or maintaining an erection. ED could be considered as a continuous spectre of clinical pictures ranging from severe disturbance in onset of erection, to difficulties in maintenance of erection without any relevant problem in obtaining it. While it is obvious that if a patient has a complete impossibility to obtain erection the possibly coexisting difficulties in maintenance of erection are undetectable, in most patients the two disturbances can be differentiated. We found that patients with difficulties in achieving a valid erection (sample B) showed a higher prevalence of organic conditions related to ED, when compared with those complaining difficulties in maintaining erection (sample A), as confirmed by higher scores on the SIEDY r scale 1 which explores the organic component of ED. 5 The greater involvement of organic factors in patients with difficulties in obtaining rather than maintaining erection was further confirmed by results of FIC, NPT, and PDU tests. Our findings support the previously unproved hypothesis, that patients experiencing difficulties in maintaining erection could recognize a more psychogenic, rather than organic, pathogenesis. 18 In fact, our study showed that patients with difficulties in maintaining erections are younger, more healthy, with a lower degree of penile artery insufficiency and with higher prevalence of normal nocturnal spontaneous erections, assessed through SIEDY r interview and NPT.
The most recent hypothesis on the pathogenesis of ED, suggests that the ability to maintain a valid erection is coupled to an Akt-dependent phosphorylation and stabilization of eNOS, which is downstream to the cascade of events following the initiation of penile tumescence. According to this hypothesis, a sustained endothelial dysfunction, as seen in diabetes or hypertension, would lead to an impairment in long-term NO formation due to an inadequate eNOS phosphorylation which, in turn, will result in a loss of a previously obtained erection. 2, 3 Following this concept, a greater contribution of organic factor to the pathogenesis of ED should be expected in patients unable to maintain an erection. Our findings are in apparent contrast with this expectation. However, it is important to note that a vasculopatic derangement of arterial inflow will first compromise cavernous blood flow increase, and thereafter shear stress-related activation of constitutive eNOS activity. Hence, the most prevalent symptom in a diabetic or atherosclerotic patients would be inability to obtain, rather than maintain, an erection. This is in perfect agreement with the presently reported clinical survey in more than 500 subjects. In addition, it is important to note that the adrenergic tone is essential in counteracting trabecular relaxation. Poor relaxation of trabecular smooth muscle in anxious men with excessive adrenergic tone could, in turn, determine a venous insufficiency and difficulty in maintaining erection Difficulties in achieving vs maintaining erection G Corona et al even in the absence of comorbid organic conditions. 18, 19 Interestingly, as noted before, 20 we found a positive association between free floating anxiety (MHQ-A) scores and end-diastolic velocity at PDU. However, we could not detect any difference in MHQ-A or SIEDY r scale 3 scores (intrapsichic component of ED) between groups, while phobic anxiety symptoms were more common in those with disturbed achievement of erection. It should be considered that intrapsychic disturbances are common among patients with ED, making comparison between subgroups of patients problematic. Furthermore the presence of a relevant organic component does not exclude a concomitant psychogenic disturbance. 5, 21, 22 It can be speculated that patients with a greater severity of ED could experience a greater psychological distress, independent of pathogenesis of ED. In fact, psychopathological symptoms could represent not only a cause but also an effect of ED. 21, 22 Finally, the relational component of ED as explored by SIEDY r scale 2 scores 5 seems to play an important role both in achieving and maintaining erection. In fact, no difference was observed between samples A and B after adjustment for age. It is well known that response to ED treatment in individual patients is substantially affected by underlying pathogenetic mechanism. In fact, some forms of ED of mainly organic origin (diabetes, vascular, hypogonadism-related ED) showed a lower response to phosphodiesterase 5 inhibitors. [23] [24] [25] It could be speculated that patients with impaired maintenance of erection could have a different response to treatments when compared with those complaining difficulties in achieving erection, but this hypothesis has not been investigated in currently available clinical trials.
In conclusion, although the concept of constitutive NOS regulation would predict a more severe organic disturbance in patients with difficulties to maintain an erection throughout the intercourse, 2, 3 we found the apparent opposite. These patients are overall more healthy than those complaining difficulty in obtaining an adequate blood flow for tumescence and erection, the first and essential step for male sexual activity. The present data support the hypothesis that an accurate assessment of the pattern of ED (ie deficit in achievement and/or maintenance of erection) could be relevant for the definition of underlying pathogenetic factors in individual patients. The possible implications for the choice of treatments reserve further investigation.
